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Description 

A REFLECTIVE STRUCTURE AND AN IMAGE DISPLAY 
DEVICE 
Technical Field 

The present invention relates to a reflective structure comprising a base, and a 
reflective means formed on said base. 

The present invention further relates to a reflective structure comprising a second 
base having a pliirality of tmdulating surfaces arranging in a plturality of undulating 
surface directions, said undidating surfaces having recesses or projections at positions, 
and a reflective means formed on said second base. 

The present invention further relates to an image display device comprising such a 
reflective structure. 

Background Art 

In recent years, it is required that mobile devices such as mobile telephones display 
the images with high definition. Accordingly, mobile devices which can display high 
definition images have been rapidly widespread. However, if viewing the image 
displayied on a screen of such a mobile device, the user viewing the screen may 
visually recognize so-called coloring (hereinafter, referred to as merely 'coloring') on 
the screen. Such coloring- is conspicuous when the mobile device is used outdoors. 
Since the coloring is obstacle when the user views the image displayed on the screen, it 
is required to eliminate or reduce the coloring. 

Disclosure 

An object of the present invention is to provide a reflector in which the elimination 
or reduction of the coloring is achieved, and an image display device to which such a 
reflector is applied. 

A reflective structure according to the present invention for achieving the object 
described above comprises a base, and a reflective means formed on said base, 
wherein said base comprises a supporting member provided with a first fundamental 
sur&ce having portions differing in their height and a second fundamental svurface 
having portions differing in their height, a first undulating portion, formed on said 
supporting member, having a first recess or projection, and a second undulating 
portion, formed on said supporting member, having a second recess or projection 
associated with said first recess or projection, wherein said first and second 
fimdamental surfaces are arranged in a first direction at a first fundamental surface 
pitch, wherein said first and second imdulating portions are arranged in said first 
direction at a first imdulating portion pitch, and wherein the larger pitch of said first 
fundamental surface pitch and said first undulating portion pitch is a non-integral 
multiple of the smaller pitch. With such construction, the coloring can be eliminated or 
reduced. 
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[7] In the reflective structuie of the present invention, said first undulating portion may 

be continuous with said second undulating portion. 

[8] In the reflective structure of the present invention, said first fundamental svirface 

pitch may be equal to a first pixel pitch. 

[9] In the reflective structure of the present invention, said reflective means may 

comprise first and second reflectors, said first and second reflectors arranged in said 
first direction at said first pixel pitch. 

[10] In the reflective structure of the present invention, said supporting member may 

comprises a first conductive line, a second conductive line, a first driving element for 
supplying a first reflector of said plurality of first reflectors with data fi-om said first 
conductive line and a second driving element for supplying a second reflector of said 
plurality of first reflectors with data firom said second conductive line, wherein said 
first and second conductive lines may be arranged in said first direction at said first . 
pixel pitch, and wherein said first and second driving elements may be arranged in said 
first direction at said first pixel pitch. 

[1 1] In the reflective structure of the present invention, said supporting member may be 

provided with a third fimdamental surface having portions differing in their height, 
wherein said base may comprise a tbird undulating portion, formed on said supporting 
member, having a third recess or projection associated with said first recess or 
projection, wherein said first and third fundamental surfaces may be arranged in a - 
second direction at a second fimdamental surface pitch, wherein said first and third 
undulating portions may be arranged in said second direction at a second imdulating 
portion pitch, and wherein the larger pitch of said second fundamental surface pitch 
and said second undulating portion pitch may be a non-integral multiple of the smaller 
pitch. 



[12] In the reflective structure of the present invention, said first undulating portidn may 

be continuous with said third undulating portion. 
[13] In the reflective structure of the present invention, said second fundamental surface 

pitch may be equal to a second pixel pitch. 
[14] In the reflective structure of the present invention, said supporting member may 



comprise a third conductive line, a fourth conductive line, and a third driving element 
controlled through said third conductive line, wherein said first driving element is 
controlled through said fourth conductive line, wherein said third and fourth 
conductive lines are arranged in said second direction at said second pixel pitch, and 
wherein said first and third driving elements are arranged in said second direction at 
said second pixel pitch. 

[15] In the reflective structure of the present invention, said reflective means may 

comprise a third reflector corresponding to said third driving element, said first and 
third reflectors arranged in said second direction at said second pixel pitch. 

[16] In the reflective structure of the present invention, said first and second directions 
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may be row and column directions, respectively. 

[17] In the reflective structure of the present invention, said reflective means may 

comprise a reflective line extending in said first direction. 

[18] In another reflective structure of the present invention, a reflective structure may 

comprise a base, and a reflective means formed on said base, wherein said base may 
comprise a supporting member provided with a first fundamental surface having 
portions differing in their height, a second fimdamental surface having portions 
differing in their height, and a third jfundamental surface having portions differing in 
their height, a first undulating portion formed on said supporting member, a second 
undulating portion formed on said supporting member, and a third undulating portion 
formed on said supporting member, wherein said first and second fundamental 
surfaces may be arranged in a first fundamental siuface direction at a first fundamental 
surface pitch of a plurality of fundamental surface pitches, said first fundamental 
surface pitch being the smallest pitch of said plurality of fundamental surface pitches, 
wherein said first and third fundamental surfaces may be arranged in a second 
fundamental sur&ce direction at a second fimdamental surface pitch of said plurality of 
fundamental surface pitches, said second fundamental surface pitch being equal to said 
first fundamental surface pitch or being the smallest next to said first fundamental 
surface pitch, wherein said first and second undiilating portions may be arranged in a 
first undulating portion direction at a first undulating portion pitch of a plurality of 
undulating portion pitches, said first xmdulating portion pitch being the smallest pitch 
of said plurality of Undulating portion pitches, wherein said first and third undulatirig 
portions may be arranged in a second undulating portion direction at a second 
undulating portion pitch of said plurality of undulating portion pitches, said second^ 
undulating portion pitch being equal to said first undulating portion pitch or being the 
smallest next to said first undulating portion pitch, and wherein at least one of said first 
and second undulating portion directions may be different firom said first and second 
fundamental surface directions. With such construction, the coloring can be eliminated 
or reduced. 

[19] In this another reflective structure of the present invention, said first to third 

undulating portion may be continuous. 
[20] In this another reflective stmcture of the present invention, said first fundamental 

surface pitch may be equal to a first pixel pitch. 
[21] In this another reflective structure of the present invention, said reflective means 

may comprise first and second reflectors, said first and second reflectors arranged in 

said first fundamental surface direction at said first pixel pitch. 
[22] In this another reflective structure of the present invention, said supporting member 

may comprise a first conductive line, a second conductive line, a first driving element 

for supplying said first reflector with data from said first conductive line, and a second 

driving element for supplying said second reflector with data from said second 
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conductive line, wherein said first and second conductive lines may be arranged in said 
first fundamental direction at said first pixel pitch, and wherein said first and second 
driving elements may be arranged in said first fundamental direction at said first pixel 
pitch. 

[23] In this another reflective structure of the present invention, wherein said supporting 

member may comprise a third conductive line, a fourth conductive line, and a third 
driving element controlled through said third conductive line, wherein said first driving 
element may be controlled through said fourth conductive line, wherein said third and 
fourth conductive lines may be arranged in said second direction at said second pixel 
pitch, and wherein said first and third driving elements may be arranged in said second 
direction at said second pixel pitch. 

[24] In this another reflective structure of the present invention, said reflective means . 

may comprise a third reflector corresponding to said third driving element, said first 
and third reflectors arranged in said second direction at said second pixel pitch. 

[25] In this another reflective structure of the present invention, said reflective means 

may comprise a reflective line extending in said first fundamental surface direction. 

[26] An image display device according to the present invention comprises said 

reflective structure described above. 

Description of Drawings 

[27] Fig; 1 is a perspective view showing a reflective electrode substrate;! having 

reflective electrodes E, which is the first embodiment according to reflective structure 
of the present invention; 

[28] Fig. 2 is an enlarged plan view of a region F shown in Fig. 1 ; 

[29] Fig. 3 is a plan view showing a part of a substrate on which each of TFTs is formed 

within a respective one of sub pixel regions,; 

[30] Fig. 4 is a cross sectional view of the sub pixel region Ar 1 of Fig. 3 taken along a 

linelV-IV; 

[31] Fig. 5 is a plan view of the substrate on which an organic film 8 having undulating 

surfaces has been formed; 
[32] Fig. 6 shows a distribution pattem in a xy plane of projections and recesses of each 

of the imdulating portions 18 to 128 shown in Fig. 5; 
[33] Fig. 7 shows an example of a distribution pattem in the xy plane of projections and 

recesses of the imdulating portion having contact holes CH; 
[34] Fig. 8 is a plan view of the substrate afler an organic filmSO comprising undulating 

portions arranged at undulating portion pitches Tx' and Ty' is formed, the undulating 

portion pitch Tx' being an integral multiple of the pixel pitch Sx, the undulating 

portion pitch Ty' being an integral multiple of the pixel pitch Sy; 
[35] Fig. 9 is an enlarged detail of the rectangular undulating portion 8 1 of the organic 

film 80 shown in Fig. 8; 
[36] Fig. 10 is a schematic cross-sectional view of six projections 81a to 81f existing 
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within the rectangular undulating portions 8 1 of Fig. 8 at the side of the sub-pixel 
region Arl; 

[37] Fig. 11 is a cross-sectional view including two projections 8 1 a and 81b within the 

rectangular undulating portion 81 shown in Fig. 8 and two projections 83a and 83b 
within the rectangular undulating portion 83, the projections 83 a and 83b each being 
associated with a respective one of the projections 81a and 81b; 

[38] Fig. 12 is a plan view of the substrate on which the reflective electrodes Erl, Egl, 

Ebl ... have been formed; 

[39] Fig. 1 3 is a partial cross-sectional view including the projection p(8 1 a) of the . • 

reflective electrode Erl and the projection p(83a) of the reflective electrode Ebl shown 
in Fig. 12; 

[40] Fig. 14 is illustration of irradiating the conventional substrate 100 with light; 

[41] Fig. 15 is an enlarged view of the region F shown in Fig. 14; 

[42] Fig. 16 is a simulation result of the color profile recognized on the conventional 

substrate 1 00 by the viewer HE; 
[43] Fig. 17 is an enlarged view of the region F shown m Fig. 14; 

[44] Fig. 1 8 is a simulation result of the color profile recognized on the substrate by tiie 

viewer HE; 

[45] Fig. 1 9 is an enlarged view of the region F shown in Fig. 14; 

[46] Fig. 20 is a simulation result of the color profile recognized on the substrate by the 

viewer HE; . ' 

[47] Fig; 21 shows the superimposed color profiles Cx, Cy and Cxy; 

[48] Fig. 22 is a schematic cross-sectional view of six associating projections 28a, 38a, 

58a, 68a, 88a, and 98a of the six undulating portions 28, 38, 58, 68, 88 and 98 of Fig. 

5, viewed in the y direction; 
[49] Fig. 23 is an enlarged view of the region F shown in Fig. 1 ; 

[50] Fig. 24 is a schematic cross-sectional view of six projections p(28a) to p(98a) 

shown in Fig. 23, viewed in the y direction; .. i . 

[51] Fig. 25 is a conceptual illustration of the colors recognized on the reflective 

electrode substrate 1 by the viewer HE; 
[52] Fig. 26 is a plan view of a reflective electrode substrate of the second embodiment 

in which only the relationship between the imdulating portion pitch Tx and the pixel 

pitch Sx is non-integral multiple; 
[53] Fig. 27 is a schematic cross-sectional view of the projections p(l 8a), p(38a) and 

p(58a) arranged in the x direction shown in Fig. 26, viewed in the y direction; 
[54] Fig. 28 is a schematic cross-sectional view of the pair of the projections p(l 8a) and 

p(18c) and the pair of the projections p(48a) and p(48c) shown in Fig. 26, viewed in 

the dxy* direction; 

[55] Fig. 29 is a plan view of a part of a reflective electrode substrate 1 of the third 

embodiment, which can eliminate or reduce the coloring by the different method firom 
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the first and second embodiments; and 
[56] Fig. 30 shows a profile schematically representing the shape of the cross section of 

the first and second rectilinear undidating portions 91 and 92 (see Fig. 8) of the con- 
ventional substrate 100 and a profile schematically representing the shape of the cross 
section of the rectangular imdulating portions of the conventional substrate 100. 
Best Mode 

[57] Fig. 1 is a perspective view showing a reflective electrode substrate 1 having 

reflective electrodes E, which is the first embodiment according to reflective structure 
of the present invention. The reflective electrode substrate 1 can be used as a substrate 
for an image display device such as a liquid crystal display device. 

[58] This reflective electrode substrate 1 comprises a number of reflective electrodes E 

arranged in a matrix array and a terminal portion TG for connecting to external 
circuits. 

[59] Fig. 2 is an enlarged plan view of a region F shown in Fig. 1 . 

[60] The reflective electrode substrate 1 comprises an organic layer 8 having 

projections and recesses on its surface. On the organic layer 8, reflective electrodes 
Erl ... are formed. Since the organic layer 8 has the recesses and projections, the 
reflective electrodes also have projections and recesses accordingly. In Fig. 2, the 
reflective electrode Erl for use in displaying a red image, the reflective electrode Egl 
for use in displaying a green image, the reflective electrode Ebl for use in displaying a 
blue image, and so on are arranged in a x direction (row direction) at a pixel pitch Sx . 
and are arranged in a y direction (column direction) at a pixel pitch Sy. It is noted that 
i pattern of the projections and recesses of the organic layer 8 is designed inde- 
pendently of the sub pixel regions.' In this embodiment, by designing the pattem of the 
projections arid recesses of the organic layer 8 independently of the sub pixel regions, 
it is achieved that, as described later, we can easily design the pattem of the ■ . 
projections and recesses of the organic layer 8 in such a way that a viewer hardly 
recognizes the coloring when the viewer sees the reflective electrode substrate 1. A 
method of manufacturing the reflective electrode substrate 1 will be described below. 

[61] First, each of TFTs is formed on a glass substrate within a respective one of sub 

pixel regions, in order to manufacture the reflective electrode substrate 1. 

[62] Fig. 3 is a plan view showing a part of a substrate on which each of TFTs is formed 

within a respective one of sub pixel regions. 

[63] In Fig. 3, the sub pixel regions Arl, Agl, Abl ... arranged in the x direction at the 

pixel pitch Sx and arranged in the y direction at the pixel pitch Sy are surrounded by 
chain lines. Within each sub pixel region, TFT is formed. Such TFTs are manufactured 
by forming gate electrodes 2, gate lines 3, semiconductor layers 4, source electrodes 5, 
source lines 6, drain electrodes 7 and others on the glass substrate. The gate lines 3 are 
arranged in the y direction at the pixel pitch Sy and the source lines 6 are arranged in 
the X direction at the pixel pitch Sx. TFTs are arranged in the x direction at the pixel 
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pitch Sx and are arranged in the y direction at the pixel pitch Sy. 
[64] Fig. 4 is a cross sectional view of the sub pixel region Arl of Fig. 3 taken along a 

line TV-TV. 

[65] Since the source lines 6 have been formed on the glass substrate 50, a surface of 

the substrate after the source lines 6 have been formed comprises a surface Sf. The 
surface Sf has portions Kl and K2 differing in their height in z direction (hereinafter, 
the surface Sf is referred to as "fimdamental surface" Sf). In Fig. 4, the portions Kl 
formed by the source lines 6 are shown, but it is also noted that portions differing in 
their height in z direction are formed by the gate lines 3 and the TFTs. Further, no Cs 
lines is formed in this embodiment, but assuming that the Cs lines are formed, the 
portions differing in their height are formed by the Cs lines. In this embodiment, it is 
noted that the TFTs, the gate lines 3, the source lines 6 or others, which cause the fund 
amenta! surface Sf having such portions Kl and K2, are arranged in the x direction at 
the pixel pitch Sx and are arranged in the y direction at the pixel pitch Sy, as shown in 
Fig. 3. It is tiierefore noted that the fundamental surface Sf having portions Kl and K2 
as shown in Fig. 4 is formed within the other sub pixel region than the sub pixel region 
Arl, so the fundamental surfaces Sf as shown in Fig. 4 are arranged in the x direction 
at the pixel pitch Sx and are arranged in the y direction at the pixel pitch Sy. 

[66] After forming the TFT within each sub pixel region as shown in Fig. 3 and before 

forming reflective electrodes, an organic film having undulating siufaces is formed in 
order to form the reflective electrodes each having projections and recesses at its 
surface (see Fig. 5). 

[67] Fig. 5 is a plan view of a part, of the substrate on which an organic film 8 having 

. • undulating surfaces has been formed. 

[68] The organic layer 8 has contact holes CH each for connecting a respective one of 

the reflective electrodes formed later to a respective one of the drain electrodes of 
TFTs. Further, the organic layer 8 comprises a number of undulating portions each 
having projections and recesses. In Fig. 5, as the representative of the undulating 
portions, twelve undulating portions 1 8 to 128 are shown with each of the portions 1 8 
to 128 smroxmded by solid line. This organic film 8 may be formed, for example, as a 
single layer film or as a combination of a number of projection elements and a pla- 
narization film covering the projection elements. 

[69] Fig. 6 shows a distribution pattem in a xy plane of projections and recesses of each 

of the undulating portions 18 to 128 shown in Fig. 5. 

[70] White polygons shown in Fig. 6 correspond to projections, and regions sandwiched 

among white polygons correspond to recesses. The projections are arranged within the 
undulating portion at random, and the recesses expand so as to weave among the 
projections. Each of the undulating portions of the organic fihn 8 basically has the dis- 
tribution of projections and recesses shown in Fig. 6, but it is noted that if the contact 
holes CH are required in the undulating portions, the contact holes CH are added to the 
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pattern of projections and recesses shown in Fig. 6. For example, since four undulating 
portions 38, 68, 98 and 128 arranged in the x direction requires no contact holes CH 
(see Fig. 5), the portions 38, 68, 98 and 128 have the same distribution of the 
projection and recesses as shown in Fig. 6, whereas since the other ei^t undulating 
portions 18, 28, 48, 58, 78, 88, 108 and 118 require the contact holes CH, the contact 
holes CH are added to the pattern of projections and recesses shown in Fig. 6. For 
example, a distribution of projections and recesses of the undulating portion 18 is 
shown as Fig. 7. Unlike Fig. 6, Fig. 7 contains two contact holes CH corresponding to 
the drain electrodes of two sub-pixel regions Arl and Agl. However, it is also noted th 
at the distribution of the projections and recesses of Fig. 7 is the same as that of Fig. 6 
in the xy plane, except that the contact holes CH are added. Further, the pattern of 
projections and recesses of the undulating portion is not limited to the pattern 
described above and may be a pattern in which, for example, the projections and 
recesses shown in Fig. 6 are inverted. The undulating portion has the substantially 
rectangular shape as shown in Figs. 6 and 7, but may have a dijfferent shape (for 
example, a substantially hexagon shape). 

[71] The undulating portions 1 8 to 128 having such pattem of projection and recesses 

are arranged in the matrix array as shown in Fig. 5. The undulating portions 18 to 128 
are arranged in the x direction at an xmdulating portion pitch Tx and in the y direction 
at an imdulating portion pitch Ty, iand thus arranged in a ds direction slanting with 
respect to the x and y directions at an undulating portion pitch Ts. The undulating 
portion pitches Tx and Ty are different from the pixel pitches Sx and Sy, respectively. 
The undulating portion pitch Tx is larger than the pixel pitch Sx and the undulating 
portion pitch Ty is smaller than the pixel pitch Sy. It is noted that the undulating 
portion pitch Tx is defined so as not to equal to an integral multiple of the pixel pitch 
Sx and that the undulating portion pitch Ty is defined in such a way that the pixel pitch 
Sy does not equals to an integral multiple of Ihe pitch Ty. In the first embodiment, Tx 
is defined as Tx = (17/8) Sx and Ty is defined as Ty = (17/23) Sy, but it is noted that 
Tx and Ty are not limited to this values. After forming the organic film 8 which has 
the undulating portions as described above, the reflective electrodes Erl, Egl, Ebl ... 
are formed as shown in Fig. 2. Since the reflective electrodes Erl, Egl, Ebl ... are 
formed on the organic film 8 having the undulating portions, the reflective electrodes 
have patterns of projections and recesses which correspond to the pattem of 
projections and recesses of the organic fihn 8. 

[72] As described above, the relation between tiie undulating portion pitch Tx of the 

organic film 8 and the pixel pitch Sx is not an integral multiple but a non-integral 
multiple, and the relation between the undulating portion pitch Ty of the organic film 8 
and the pixel pitch Sy is not an integral multiple but a non-integral multiple. The non- 
integral multiple relation between the undulating portion pitch and the pixel pitch 
makes it possible to effectively reduce the coloring recognized on the reflective 
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electrode substrate 1. Hereinafter, this reason will be described by comparing with the 
case in which an organic film has undulating portions arranged at an integral multiple 
of the pixel pitch. 

[73] Fig. 8 is a plan view of the substrate after an organic filmSO comprising undulating 

portions arranged at undulating portion pitches Tx! and Ty' is formed, the imdulating 
portion pitch Tx* being an integral multiple of the pixel pitch Sx and, the undulating 
portion pitch Ty' being an integral multiple of the pixel pitch Sy. 

[74] The organic film 80 comprises rectangular undulating portions, first rectilinear 

undulating portions and second rectilinear xmdulating portions. Fig. 8 representatively 
shows eight rectangular undulating portions 81 to 88, and continued first and second 
rectilinear xmdulating portions 91 and 92 among the eight rectangular undulating 
portions 81 to 88, the first rectilinear imdulating portions 91 extending in the x 
direction and the second rectilinear undulating portions 92 extending in the y direction. 
. The rectangular undulating portions 81 to 88 are arranged in the x direction at the 
undiilating portion pitch Tx' (= 2Sx) which is two times the pixel pitch Sx and 
arranged in the y direction at the undulating portion pitch Ty' (= Sy) equal to the pixel 
pitch Sy. Therefore, the first rectilinear undulating portions 91 are arranged in the x 
direction at the undulating portion pitch Tx' (= 2Sx) and arranged in the y direction at 
the undulating portion pitch Ty' (= Sy). Ditto for the second rectilinear imdulating • 
portions 92. Further, a region which is not illustrated in Fig. 8 comprises imdulating 
portions having the same pattern of projections and recesses as the undulating portions 
illustrated in Fig. 8. 

[75] Fig. 9 is an enlarged detail of the rectangular undulating portion 81 of the organic 

film 80 shown in Fig. 8. 

[76] > The rectangular undulating portion 8 1 is formed on the substantially whole two 
sub-pixel regions. The rectangular undulating portion 81 conqirises a number of 
' projections 81a, 81b,..., 81z arranged at random and recesses 811 weaving among the 
number of projections 81a, 81b, 81z. In Fig. 9, the projections 81a, 81b, 81z are 
shown by white polygons and the recesses 81 1 are shown by hatching. The rectangular 
undulating portion 81 comprises two contact holes CH. The other rectangular 
undulating portions 82 to 88 also comprise the same pattern of projections and recesses 
as that of Fig. 9. The rectangular undulating portions comprise the pattern of 
projections and recesses shown in Fig. 9 as described above, but it is noted that, in Fig. 
8, only some of projections are illustrated within each rectangular imdulating portion 
fi-om the point of easy understanding of Figure. 

[77] Unlike the rectangular undulating portions shown in Fig. 5, each of the rectangular 

undulating portions shown in Fig. 8 comprise two contact holes CH since the 
undulating portion pitch Tx' is an integral multiple of the pixel pitch Sx and the 
undulating portion pitch Ty' is an integral multiple of the pixel pitch Sy. 

[78] Further, the first rectilinear undulating portions 91 extending in the x direction 
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have the same pattern of projections and recesses, and the second rectilinear 
undulating portions 92 extending in the y direction have the same pattem of 
projections and recesses. 
[79] Fig. 10 is a schematic cross-sectional viev^^ of six projections 81a to 81f existing 

within the rectangular undulating portions 81 of Fig. 8 at the side of the sub-pixel 
region Arl. 

[80] Since the rectangular undulating portion 81 is formed on the fundamental surface 

Sf (see Fig. 4) having the portions Kl and K2 differing in their height, the projections 
of the rectangular undulating portion 8 1 vary in their height in the z direction. The 
closer the projection of the rectangular xmdulating portion 81 is to the portion Kl, the 
higher its height in the z direction is. And the further the projection is from the portion 
Kl, the lower its- height in the z direction is. Therefore, if six projections 81a to 81f 
shown in Fig. 10 are compared with each other, six projections 81a to 81f become 
lower in the z direction in the order of the projections 81a, 81b and 81c and become 
higher in the z direction in the order of the projections 81d, 81e and 81f. In Fig. 10, the 
rectangular undulating portion 81 covers the portions Kl and K2 difFering in their 
height. Such portions dii^ering in their height are also formed by, for example, an 
. existence of the gate lines, so the closer the projection of the rectangular undulating 

portion 81 is to the gate lines, the higher its height in the z direction is. It is noted that 
■ the projections of the rectangular undulating portion 8 1 vary in their height in the z 
direction, depending on a position of the projection within a xy surface (see Fig. 8). 

[81] Further , it is noted that the rectangular undulating portions 81 to 88 have the 

common pattem of projections and recesses shown in Fig. 9 and thus if the patterns of 
the rectangular imdulating portions 81 to 88 are superimposed within xy surface, su- 
perimposed projections occur. For example, the projection 8 la of the rectangular 
undulating portion 81 is superimposed on the projections 83a of the other rectangular 
undulating portion 83. Hereinafter, such superimposed projections are defined as 
projections associated with each other (hereinafter referred to as "associating 
projections") and the associating projections are labeled with the same alphabet. For 
example, the projections 81a and 83a of the rectangular undulating portions 81 and 83 
are both labeled with alphabet 'a' and thus are the associating projections. Further, the 
associating projections have the same height in the z direction since not only the 
rectangular imdulating portion 81 but also the other rectangular undulating portions are 
formed on the same fundamental surface as Fig. 4. This is shown in Fig. 11. 

[82] Fig. 1 1 is a cross-sectional view including two projections 81a and 81b of the 

rectangular undulating portion 81 shown in Fig. 8 and two projections 83a and 83b of 
the rectangular undulating portion 83, the projections 83a and 83b each being 
associated with a respective one of the projections 81a and 81b. 

[83] Since the projection 81a of the rectangular undulating portion 81 is associated with 

the projection 83a of the rectangular undulating portion 83, these projections 81a and 
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83a have the same height in the z direction. Similarly, since the projection 81b of the 
rectangular undulating portion 81 is associated with the projection 83b of the 
rectangular undulating portion 83, these projections 81b and 83b have the same height 
in the z direction. If the height difference between the projections 81a and 81b within 
the rectangular imdiilating portion 81 is represented with #H, the height difference 
between the projections 83a and 83b within the rectangular xmdulating portion 83 also 
can be represented with #H. Therefore, a height distribution in the z direction of the 
projections within the rectangular undulating portion 83 is the substantially same as 
that of the projections within the rectangular xmdulating portion 8 1 . Accordingly a 
height distribution in the z direction of the recesses within the rectangvilar undulating 
portion 83 is the substantially same as that of the recesses within the rectangular 
undulating portion 81 . Similarly, height distributions in the z direction of the 
projections and recesses within the other rectangular undulating portions are the sub- 
stantially same as that of the projections and recesses within the rectangular undulating 
portion 81. 

[84] After the organic film 80 is formed which has the rectangular undulating portions 

having such same pattern of projections and recesses, the reflective electrodes are 
formed (see Fig. 12). 

[85] Fig. 12 a plan view of the substrate on which the reflective electrodes Erl, Egl, 

Ebl ... have been formed. In Fig. 12, the source lines and others are omitted. 

[86] Two reflective electrodes are formed on one rectangular undulating portion. Since . 

eight rectangular undulating portions 81 to 88 are illustrated in Fig. 12, sixteen 
reflective electrodes Erl, Egl, Ebl ... are illustrated. The reflective electrodes Erl, 
Egl, Ebl ... are formed so as to follow shapes of the rectangular undulating portions. 
81 to 88, so that the reflective electrodes Erl, Egl, Ebl ... also have the pattern of 
projections and recesses corresponding to the rectangular undulating portions 81 to 88. 
The rectangular undulating portions 81 to 88 have the same pattern of projections and ■ 
recesses, and two reflective electrodes are formed on one rectangular undulating 
portion, so that two kinds of pattems of projections and recesses of reflective 
electrodes appear. In Fig. 12, two kinds of pattems of projections and recesses of the 
reflective electrodes appear alternatively in the x direction. Further, in Fig. 12, only 
some projections of the reflective electrodes are illustrated. Specifically, (A), (B) and 
(C) described below are illustirated. 

[87] (A) Eight projections p(8 la) to p(88a) of the reflective electrodes are illustrated. 

Each of eight projections p(81a) to p(88a) is formed on a respective one of eight as- 
sociating projections 81a to 88a of the rectangular undulating portions 81 to 88 shown 
in Fig. 8. 

[88] (B) Eight projections p(81h) to p(88h) of tiie reflective electrodes are illustrated. 

Each of eight projections p(8 Ih) to p(88h) is formed on a respective one of eight as- 
sociating projections 81h to 88h of the rectangular undulating portions 81 to 88 shown 
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r891 (C) Eight projections p(81i) to p(88i) of the reflective electrodes are illustrated. 

Eachofeightprojectionsp(81i)top(88i)isfonnedonarespectiveoneofeight as- 
sociating projections 81ito 88iof the rectangular undulating portions 81 to 88 shown 

For example, only two projections p(81a) and p(81h) are illustrated in the reflective 
electrode Erl and only one projection p(81i) is illustrated in the reflective electrode 
Egl It is noted that the characters between parentheses in reference characters rep- ^ 
resenting the projection of reflective electrode are used as characters for distinction. 
The characters for distinction indicate that a projection of a reflective electrode is 
fonned on which one of rectangular undulating portions and is formed on which one of 
rectangular undulating portion's projections. For example, if a projection of a reflective 
electrode is formed on the projection 81a of the rectangular undulating portion 81. the 
projection of reflective electrode in question is labeled with •(81ay, and if a projection 
of a reflective electrode is formed on the projection 83a of the rectangular undulating • 
portion 83, the projection of reflective electrode in question is labeled with •(83a)'. 
Ditto for the other projections. 

Fig 13 is a partial cross-sectional view including tiie projection p(81a) of tiie 
reflective electrode Erl and the projection p(83a) of the reflective electrode Ebl shown ' 
in Fig. 12. 

The projections p(81a) andp(83a) of the reflective electirodes Erl and Ebl are 
formed on the projections 81a and 83a ofthe rectangular undulating portions.81. and • 
83 respectively. Theprojections 81aand 83a ofthe rectangularundulatmgportions 81 
and 83 are labeled witii the same alphabet 'a' and thus are the associating projections, 
so the projections 81a and 83a have tiie same height in the z direction as descnbed 
witii reference to Fig.l 1. The reflective electirodes Erl and Ebl have the substantially 

equal fihn thickness, so that the projection p(83a) ofthe reflective electi-ode Ebl has 
the same height as the projectionp(81a) ofthe reflective electrode Erl mthez 
direction. The projections p(82a), p(84a), p(85a), p(86a), p(87a) and p(88a) ofthe 
other reflective electrodes also have tiie same height as tiie projection p(81a) ofthe 
reflective electrode Erl in the z direction, but this is not shown in Fig. 13. The above 
description is given to the projections p(81a) to p(88a) of tiie reflective electi-odes. but 
tiie same description is given to tiie otiier projections ofthe reflective electirodes. In 
Fig. 12, eight projections p(81a) to p(88a) have tiie same height in tiie z direction, eight 
projections p(81h) to p(88h) have tiie same height in flie z direction, and eight 
projections p(81i) to p(88i) have tiie same height in tiie z direction. 

As described above, tiie reflective electrodes (see Fig. 12) are formed on tiie 
organic fihn 80 (see Fig. 8) comprising the rectangular undulating portions 81 to 88, so 
tiie reflective electrode substrate (referred to as 'conventional substirate') is man- 
ufactiired. Next, we discuss tiie coloring recognized on tiie conventional substirate by 
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irradiating the conventional substrate with light. 

[94] Fig. 14 is illustration of irradiating the conventional substrate 100 with light It is 

noted that the terminal portion for connecting to the external circuit is omitted from the 
conventional substrate 100 shown in Fig. 14. 

[95] A light source LS and an viewer HE exist within a virtual surface SI which passes 
through a center of the conventional substrate 100 and is perpendicular to the con- 
ventional substrate 100. The light source LS emits light toward the conventional 
substrate 100. Since each reflective electrode of the conventional substrate 100 
comprises a number of projections, light from the light source LS is reflected from the 
number of projections of the reflective electrodes and the reflected Ughts reach to the 
. viewer HE while interfering each other. In order to easily discuss the interference of 
lights reflected from the projections of the reflective electrodes, this interference of 
lights is classified as three cases (1), (2) and (3) described below and explained in 
detail. 

[96] (1) The interference oflights reflected from the projections arranged in the X 

direction at a predetermined interval. 
[97] For the purpose of explainmg this interference, we consider the reflective electrodes 

within a region F of Fig. 14. 
[98] Fig. 15 is an enlarged view ofthe region F shown m Fig. 14. 

[99] In Fig. 15, eight projections p(81a) to p(88a) ofthe reflective electrodes are • 

specifically illustrated. Each of eight projections p(8 la) to p(88a) is formed on a 
. respective one of eight associating projections 81a to 88a of the rectangular undulatmg 
portions 81 to 88 shown in Fig. 8. Further, eight reflected lights L81a to L88a are also 
illustrated, which are reflected from the eight projections p(81a) to p(88a) and then 
. travel toward the viewer HE. The projections p(81a) to p(88a) ofthe reflective 
. . electrodes are periodicaUy arranged in the X direction at the undulating portion pitch 
' Tx'(=2Sx) and are arranged in the y direction at the undulating portion pitch Ty'(=Sy). 
Now, we will discuss the interference oflights reflected from two projections arranged 
in the X direction at the undulating portion pitch Tx'. For example, we discuss, in Fig. 
15, the interference ofthe reflected lights L81a and L83a, the interference ofthe 
reflected Ughts L82a and L84a, the interference of the reflected lights L83a and L85a, 
the interference ofthe reflected lights L84a and L86a, the interference of the reflected 
lights L85a and L87a, and the interference ofthe reflected lights L86a and L88a. Since 
such projections as illustrated in Fig. 15 exist across the whole ofthe conventional 
substrate 100 (see Fig. 14), we will discuss such interferences of reflected lights across 
the whole ofthe conventional substrate 100. Such interferences of reflected lights 
across the whole ofthe conventional substrate 100 make the viewer HE recognize 
color profiles as described below. 
[100] Fig. 16 is a simulation result of the color profile recognized on the conventional 
substrate 100 by the viewer HE. 
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[101] The color profile Cx recognized by the viewer HE comprises a pattern of vertical 
stripes in which strip-shaped colors Cm-p to Cm+p each extending in the y direction 
are arranged in the x direction. The viewer HE recognizes each of the colors Cm-p to 
Cm+p within a respective one of the strip-shaped regions Ym-p to Ym+p (shown in 
Fig. 14) extending in the y direction. For example, the viewer HE recognizes the color 
Cm within the region Ym and recognizes the color Cm+p within the region Ym+p. 
The color Cm is substantially white, and the colors at the same distance from the color 
Cm are the same color. For example, the color Cm-x is the same color as the color 
Cm+x and the color Cm-1 is the same color as the color Cm+1. Further, the other 
colors than the color Cm change with increasing distance from the color Cm in such a 
way that the longer wavelength colors to the shorter wavelength colors are repeated. 
[102] (2) The interference of Ughts reflected from the projections arranged in the y 

direction at a predetermined interval. 
[103] For the purpose of explaining this interference, we consider the reflective electrodes 

within the region F of Fig. 14 again. 
[104] Fig. 17 is an enlarged view of the region F shown in Fig. 14. 
[105] In Fig. 17, in addition to eight projections p(81a) to p(88a) of the reflective 
■ .. electrodes, eight projections p(81h) to p(88h) of the reflective electrodes are 
specifically illustrated. Each of eight projections p(81h) to p(88h) is formed on a 
respective one of eight associating projections 81h to 88h of the rectangular undulating 
portions 81 to 88 shown in Fig. 8. Further, in addition to eight reflected lights L81a to 
L88a, eight reflected lights L8 Ih to L88h are also illustrated, which are reflected from 
the eight projections p(8 Ih) to p(88h) and then travel toward the viewer HE. Like the 
, projections p(8 l a) to p(88a) of the reflective electrodes, the projections p(81h) to 
p(88h) of the reflective electrodes are periodically arranged in the x direction at the 
undulating portion pitch Tx'(=aSx) and in the y direction at the undulating portion 
pitch Ty'(=Sy). Each of the projections p(81h) to p(88h) of the reflective electixides is 
positioned at a distance Dy from a respective one of tiie projections p(81a) to p(88a) in 
the y direction. Now we will discuss the interference of lights reflected from two 
projections arranged in tiie y direction at the distance Dy. For example, we discuss, in 
Fig. 17. the interference of the reflected lights L81a and L81h, the interference of the 
reflected Ughts L82a and L82h, the interference of tiie reflected lights L83a and L83h, 
...,and the interference of tiie reflected lights L87a and L87h. Since such projections as 
illustrated in Fig. 17 exist across tiie whole of tiie conventional substiate 100 (see Fig. 
14), we will discuss such mterferences of reflected lights across tiie whole of tiie con- 
ventional substrate 100. Such interferences of reflected lights across tiie whole of tiie 
conventional substrate 1 00 make tiie viewer HE recognize color profiles as described 
below. 

[106] Fig. 18 is a simulation result of tiie color profile recognized on tiie substrate by tiie 
viewer HE. 
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[107] The viewer HE recognizes color profile Cy comprising a pattern of horizontal 

stripes in which strip-shaped colors Cm-q to Cm+q each extending in the x direction 
are arranged in the y direction. The viewer HE recognizes each of the colors Cm-q to 
Cm+q within a respective one of the strip-shaped regions Xm-q to Xm+q (shown in 
Fig. 14) extending in the x direction. For example, the viewer HE recognizes the color 
Cm within the region Xm and recognizes the color Cm+q within the region Xm+q. 
Like the color Cm shown in Fig. 16, the color Cm withm the region Xm recognized by 
the viewer HE is substantially white. The colors at the same distance from the color 
Cm are the same color. For example, the color Cm-x is the same color as the color 
Cm+x and the color Cm-1 is the same color as the color Cm+1 . Further, the other 
colors than the color Cm change with increasing distance from the color Cm in such a 
way that the longer wavelength colors to the shorter wavelength colors are repeated. 
[1 08] (3) The interference of Ughts reflected from the projections arranged in slanting ■- 

direction with respect to the x and y directions at a predetiermined interval. 
[109] For the purpose of explaming this interference, we consider the reflective electrodes 

within the region F of Fig. 14 again. 
[110] Fig. 19 is an enlarged view of the region F shown in Fig. 14. 
[Ill] In Fig. 19, in addition to eight projections p(81a) to p(88a) of the reflective 

electrodes, eight projections p(81i) top(88i) of the reflective electrodes are illustrated. 
Each of eight projections p(81i) to p(88i) is formed on a respective one of eight as- 
sociating projections 81i to 88i of the rectangular undulating portions 81 to 88 shown 
m Fig. 8. Further, in addition to eight reflected lights L8 la tb L88a, eight reflected 
lights L8 li to L88i are also illustrated, which are reflected from the eight projections 
p(81i) to p(88i) and then travel toward the viewer HE. Like the projections p(81a) to 
p(88a) of the reflective electrodes, the projections p(81i) to p(88i) of the reflective 
electrodes are periodically arranged in the x direction at the undulating portion pitch 
Tx'(=2Sx) and in flie y direction at the undulating portion pitch Ty'(=Sy). Each of the 
projections p(81i) to p(88i) is positioned at a distance Dxy from a respective one of the 
projections p(81a) to p(88a) in the dxy direction. The dxy direction is different form 
the X and y directions. Now, we will discuss the interference of lights reflected from 
two projections arranged in the dxy direction at the distance Dxy. For example, we 
discuss, in Fig. 19, the mterference of the reflected lights L81a and L81i, the in- 
terference of the reflected lights L82a and L82i, the interference of the reflected lights 
L83a and L83i, the interference of the reflected lights L87a and L87i, and the in- 
terference of the reflected lights L88a and L88i. Since such projections as illustrated in 
Fig. 19 exist across the whole of the conventional substrate 100 (see Fig. 14), we will 
discuss such interferences of reflected Kghts across the whole of the conventional 
substrate 100. Such interferences of reflected Ughts across the whole of the con- 
ventional substrate 100 make the viewer HE recognize color profiles as described 
below. 
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[112] Fig. 20 is a simulation result of the color profile recognized on the substrate by the 
viewer HE. 

[113] The viewer HE recognizes color profile Cxy comprising a pattern of slanting stripes 
in which strip-shaped colors Cm-r to Cm+r each extending in the dxy' direction per- 
pendicular to the dxy direction are arranged in the dxy direction. The viewer HE 
recognizes each of the colors Cm-r to Cm+r within a respective one of the strip-shaped 
regions XYm-r to XYm+r (shown in Fig. 14) extending in the dxy' direction. For 
example, the viewer HE recognizes the color Cm within the region XYm and 
recognizes the color Cm+r within the regions XYm+r. Like the color Cm shown in . 
Figs. 16 and 1 8, the color Cm within the region XYm recognized by the viewer HE is 
substantially white. The colors at the same distance jfrom the color Cm are the same 
color. For example, the color Cm-x is the same color as the color Cm+x and the color 
Cm-1 is the same color as the color Cm+1. Further, the other colors than the color Cm 
change with increasing distance from the color Cm in such a way that the longer 
wavelength colors to the shorter wavelength colors are repeated. 

[114] In the explanation described above, the color profiles Cx, Cy, and Cxy are inde- 
pendently shown, but in actuality the viewer HE recognizes the color profiles Cx, Cy, 
and Cxy with the profiles Cx, Cy, and Cxy superimposed. For tiiis reason, we discuss 
the superimposed color profiles Cx, Cy and Cxy. 

[115] Fig. 21 shows the superimposed color profiles Cx, Cy and Cxy. 

[116] In this Figure, the same colors Cm-x and Cm+x within the color profiles Cx, Cy, 

and Cxy are shown by hatching. Each of the color profiles Cx, Cy, and Cxy comprises 
the colors Cm-x and Cm+x, so that if the colors Cm-x and Cm+x of the color profiles 
Cx, Cy, and Cxy are superimposed, the color Cm-x (Cm+x) is enhanced at the su- 
perimposed portions. Fig. 21 shows a state in which only color profiles Cx, Cy and ■ 
Cxy are superimposed, but the other color profiles than the color profiles Cx, Cy, and 
Cxy are also obtained because of the existence of the other projections than shown in 
Figs. 15, 17 and 19. It is therefore considered that, if all color profiles obtained by the 
reflected lights coming fijom the projections are superimposed, the enhanced portions 
of the color Cm-x (Cm+x) appear across the whole of the conventional substrate 100 
and the viewer HE recognizes the enhanced color Cm-x (Cm+x). Similarly, the viewer 
HE would recognize the other enhanced colors (for example, Cm+1 and Cm-1). It is 
therefore considered that the viewer HE recognizes the coloring when he views the 
conventional substrate 100. 

[117] The explanation described above is given to the color profiles which appear by the 
interferences of the reflected lights coming fi-om the projections of the reflection 
electrodes, but the similar explanation is given to the color profiles which appear by 
the interferences of the reflected lights coming from tiie recesses of tihe reflection 
electrodes. 

[118] From the consideration described above, it is considered that the viewer HE 
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recognizes the coloring due to the superimposition of the color profiles Cx, Cy, and 
Cxy having such patterns of stripes as shown in Figs. 16, 18 and 20. Therefore, one of 
methods of eliminating or reducing the coloring might be to avoid tiie appearance of 
the color profiles having such patterns of stripes as shown in Figs. 16, 18 and 20. So, 
we discuss Figs. 14 to 20 again in order to consider the reason for the appearance of 
the color profiles Cx, Cy, and Cxy having such patterns of stripes as shown in Figs. 16, 
18 and 20. 

[1 19] The color profile Cx shown in Fig. 16 appears by the interferences of the reflected 
lights shown in Fig. IS.The color profile Cy shown in Fig. 18 appears by the in- 
terferences of the reflected lights shown in Figs. 17. The color profile Cxy shown in 
Fig. 20 appears by the interferences of the reflected lights shown in Fig. 19. So, we 
discuss the interferences of the reflected lights shown in Figs. 15, 17 and 19. 
[120] First, see Fig. 15. In Fig. 15, eight reflected lights L81ato L88a are illustrated in 
order that we may discuss the interference of the reflected Ughts coming fix>m.the 
projections arranged in the x direction at the undulating portion pitch Tx'. Now, we 
discuss four reflected lights L81a, L83a, L85a, and L87a of eight reflected lights L81a 
to L88a, which are arranged in the x direction. Four reflected lights L8 la, L83a, L85a, 
and L87a differ from each other in their optical path length, and the optical path " 
difference #Lxl between the reflected lights 81a and 83a, the optical path difference 
#Lx2 between the reflected lights 83a and 85a, and the optical path difference #Lx3 
between the reflected lights 85a and 87a are different from each other. The values of 
#Lxl, #Lx2 and #Lx3 become larger in this order. Therefore, there are variations in 
optical path difference, which optical path difference is a optical path difference 
between two reflected Ughts coming &om a pair of two projections arranged in the x. 
direction. This explanation described above is given to the optical path difference 
related to four reflected lights L81a, L83a, L85a, and L87a, but the similar explanatioi^ 
is given to the optical path difference related to remaining four reflected lights L82a, 
L84a, L86a, and L88a. However, it is noted that the optical path difference between 
the reflected lights coming from a pair of projections, which projections are arranged 
in the X direction, remains the same even if the pair of projections deviates in the y 
direction (perpendicular to the x direction). For example, in Fig. 1 5, since the pair of 
projections p(82a) and p(84a) exists in such a position to relatively differ in the y 
direction from the position of the pair of the projections p(81a) and p(83a), the optical 
path difference between the reflected lights L82a and L84a ( #Lxl) is the same as the 
optical path difference between the reflected lights L81a and L83a ( #Lxl). Similarly, 
the optical path difference between the reflected Ughts L84a and L86a ( #Lx2) is the 
same as the optical path difference between the reflected Ughts L83a and L85a ( 
#Lx2), and the optical path difference between the reflected Ughts L86a and L88a ( 
#Lx3) is the same as the optical path difference between the reflected lights L85a and 
L87a ( #Lx3). Therefore, it is noted that the optical path difference between the 
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reflected Ughts remains the same even if the pair of projections deviates in the y 
direction. From the explanation described above, it is understood that the pairs of 
projections for causing the same optical path differences are arranged in the y direction 
and the pairs of projections for causing the different optical path differences are 
arranged in directions different from the y direction (e.g. the x direction). Since the 
colors caused by the interference Hghts depend on the optical path difference, the 
viewer HE recognizes the same color in the y direction because of the same optical 
path difference and recognizes the different colors in the directions different from the y 
direction (e.g. the x direction) because of the different optical path differences, so it is 
considered that the viewer HE recognizes the color profile Cx of the vertical stripes 
shown in Fig. 16. Further, it is noted that if a certain pair of projections and the other 
pair of projections exist in the different positions in the x direction, but exist withm the 
same region of the regions Ym-p to Ym4p of the conventional substrate 100 (see Fig. 
14) (for example, a certain pair of projections is the pair of projections p(81a) and 
p(83a), and the other pair of projections is the pair of projections p(83a) and p(85a) in 
Fig. 1 5), the optical path difference between the reflected lights coming from the 
certain pair of projections is only sUghtly different from the optical path difference 
. between the reflected Ughts coming from the other pair of projections. If the optical : 
. path differences are only slightly different (e.g. #Lxl and #Lx2), the resultant colors 
are resemble, so that the viewer HE generally can not recognize the difference of 
. colors and thus recognizes the substantially same color. Therefore, it is noted that the ■ 
. . viewer HE recognizes the width Wc (see Fig. 16) of each of the colors Cm-p to Cm+p 
as a wider width than distance 2Sx (two times the pixel pitch Sx) between two 
projections. « j 

[121] Next, see Fig. 17. In Fig. 17, eight reflected Ughts L81a to L88a and eight reflected 
lights L81h to L88h are illustrated in order that we may discuss the interference of the : 
reflected Ughts coming from two projections arranged in the y dh^ction at the distance 
Dy. Now, we discuss four reflected lights L81h, L81a, L82h and L82a arranged m the 
. y direction. The optical path difference between the reflected Ughts 81a and 81h ( 
#Lyl) is different from the optical path difference between the reflected Ughts 82a and 
82h ( #Ly2). Therefore, there are variations in optical path difference, which optical 
path difference is a optical path difference between reflected lights coming from 
projections arranged in the y direction. Optical path differences related to the other 
reflected Ughts arranged in the y direction can be explained sunilarly to the optical 
path differences related to four reflected Ughts L81h, L81a. L82h. and L82a. However, 
it is noted that the optical path difference between the reflected Ughts coming fit)m a 
pair of projections, which projections are ananged in the y direction, remains the same 
even if the pair of projections deviates in the x direction (perpendicular to the y 
direction). For example, in Fig. 17, since the pair of projections p(83a) and p(83h) 
exists in such a position to relatively differ in the x direction from the position of the 
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pair of the projections p(81a) and p(81h), the optical path difference between the 
reflected lights L83a and L83h ( #Lyl) is the same as the optical path difference 
between the reflected lights LBla and L81h ( #Lyl). Similarly, both the optical path 
difference between the reflected lights L85a and L85h and the optical path difference 
between the reflected lights L87a and L87h are the same as the optical path difference 
between the reflected lights LBla and L81h. On the other hand, since the pair of 
projections p(84a) and p(84h) exists in such a position to relatively differ in the x 
direction from the pak of the projections p(82a) and p(82h), the optical path difference 
between the reflected lights L84a and L84h ( #Ly2) is the same as the optical path 
difference between the reflected lights L82a and L82h ( #Ly2). Similarly, the optical 
path difference between the reflected lights L86a and L86h and the optical path 
difference between the reflected lights L88a and L88h are the same as the optical path 
difference between the reflected lights L82a and L82h. Therefore, it is noted that the 
optical path difference between the reflected lights remains the same even if a pair of 
projections deviates in the x direction. From the explanation described above, it is 
understood that the pairs of projections for causing the same optical path differences 
are arranged in the x direction and the pairs of projections for causing different optical 
. path differences are arranged in directions different from the X direction (e.g. the y 
direction). Since the colors caused by the interference lights depend on the optical path 
. . difference, the viewer HE recognizes the same color in the x direction because of the 
same optical path difference and recognizes the different colors in the directions 
different from the x direction (e.g. the y direction) because of the different optical path 
differences, so it is considered that the viewer HE recognizes the color profile Cy 
having the horizontal stripes shown in Fig. 18. Further, it is noted that if a certain pair 
of projections and the other pair of projections exist in the different positions in the y 
direction, but exist within the same region of the regions Xm-q to Xm+q of the Con- 
ventional substrate 100 (see Fig. 14) (for example, a certain pair of projections is the 
pair of projections p(81a) and p(81h), and the other pair of projections is the pair of 
projections p(82a) and p(82h) in Fig. 17), the optical path difference between the 
reflected lights coming from the certain pair of projections is only slightly different 
from the optical path difference between the reflected Ughts coming from the other 
pair of projections. If the optical path differences are only slightly different (e.g. #Lyl 
and #Ly2), the resultant colors are resemble, so that the viewer HE generally can not 
recognize the difference in color and thus recognizes the substantiaUy same color. 
Therefore, it is noted that the viewer HE recognizes the width Wc (see Fig. 18) of each 
of the colors Cm-q to Cm+q as the wider width than distance Dy between two 
projections. 

[122] Next,seeFig. 19.InFig. 1 9, eight reflected Ughts LB la to L88a and eight reflected 
lights L81i to L88i are illustrated in order that we may discuss the interference of the 
reflected lights coming from projections arranged in the dxy direction at the distance 
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Dxy. Now, we discuss the reflected lights L81a and L81i and the reflected lights L83a, 
and L83i. The optical path difference #Lxyl between the reflected lights 81a and 81i is 
different from the optical path difference #Lxy2 between the reflected lights 83a and 
83i. However, it is noted that the optical path difference between the reflected lights 
from a pair of projections, which projections are arranged in the dxy direction, remains 
the same even if the pair of projections deviates in the dxy' direction (perpendicular to 
the dxy direction). For example, in Fig. 19, since the pair of projections p(86a) and 
p(86i) exists in such a position to relatively differ in the dxy' direction from the 
position of the pair of the projections p(81a) and p(81i), the optical path difference 
between the reflected lights L86a and L86i ( #Lxyl) is the same as the optical path 
difference between the reflected lights L81a and L81i ( #Lxyl). Similarly, since the 
pair of projections p(88a) and p(88i) exists in such a position to relatively differ in the 
dxy' direction from the position of the pair of the projections p(83a) and p(83i), the 
optical path difference between the reflected lights L88a and L88i ( #Lxy2) is the same 
as the optical path difference between the reflected Ughts L83a and L83i ( #Lxy2). 
Therefore, it is noted that the optical path difference between the reflected lights 
remains, the same even if the pair of projections deviates in tiie dxy' direction. From the 
explanation described above, it is understood that the pairs of projections for causing 
the same optical path difference are arranged in ttie dxy' direction and the pairs of 
projections for causing different optical patii differences are arranged in directions 
different from the dxy' direction (e.g. the dxy direction). Since tiie colors caused by the 
interference lights depend on the optical path difference, the viewer HE recognizes the 
. same color in the dxy' direction because of the same optical patii difference and • 
recognizes the different colors in the directions different from the dxy' direction (e;g. 
the dxy dkection) because of the different optical path differences, so it is considered 
that the viewer HE recognizes the color profile Cxy having the slanting stripes shown 
in Fig; 20. Further, it is noted that if a certain pair of projections and the other pair of 
projections exist in the different positions in the dxy direction, but exist within tiie 
same region of the regions XYm-r to XYm+r of the conventional substrate 100 (see 
Fig. 14) (for example, a certain pair of projections is the pair of projections p(82a) and 
p(82i), and the other pair of projections is the pair of projections p(83a) and p(83i) in 
Fig. 19), the optical path difference between the reflected lights coming from the 
certain pair of projections is only slightiy different from tiie optical patii difference 
between the reflected lights coming from tiie other pair of projections. If tiie optical 
patii differences are only slightly different (e.g. #Lxyl and #Lxy2), tiie resultant colors 
are resemble, so that tiie viewer HE generally can not recognize tiie difference in color 
and thus recognizes the substantially same color. Therefore, it is noted that flie viewer 
HE recognizes tiie widtiis Wc (see Fig. 20) of each of tiie colors Cm-r to Cm+r as tiie 
wider width than the distance Dxy between two projections. 

From the consideration described above, it is considered that the cause of appearing 
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each of the color profiles Cx, Cy and Cxy having streaks as shown in Figs. 16, 18 and 
20 is the pairs of two projections repeatedly existing in each of regions of the con- 
ventional substrate 100, which two projections are arranged in a predetermined 
direction. Therefore, the coloring might be eliminated or reduced if such pairs of 
projections don't exist repeatedly. In order for such pairs of projections not to 
repeatedly exist, a method of designing patterns of projections and recesses of the 
reflective electrodes so as to be different from each other might be usable. This method 
can prevent such pairs of two projections from repeatedly existing since the reflective 
electrodes differ in then: pattern of projections and recesses, so that no coloring as 
shown ia Fig. 21 would occur. However, this method is required to design different 
patterns of projections and recesses of the reflective electrodes so as to be different 
from each other, so that the design of the patterns of projections and recesses of the 
reflective electrodes becomes difficult with increasing number of the reflective 
electrodes. In the case of e.g. a mobUe phone of QVGA type, 240 x 3 x 320 reflectivfe 
electrodes are provided. This means that different patterns of projections and recesses 
must be designed for such great number of the reflective electrodes, so that this 
method is not an actually usable method. 
[124] / So. in order to easily eliminate or reduce the coloring without designing of the great 
numbCT of patterns of projections and recesses, the inventor has reached the formation 
of the organic fihn 8 in a manner described with respect to Fig. 5. The reason why the 
coloring can be eliminate or reduced by forming the organic film 8 shown in Fig. 5 is 
described below. 

[125] In Fig. 5, the associating projections 18a to 128a of twelve undulatmg portions 18 

to 128 of the organic fihn 8 are illustrated. Since each undulating portion shown in Fig. 
5 comprises the basic pattern of projections and recesses shown in Fig. 6, the patterns 
of projections and recesses of the undulating portions are the same within the xy 
surface expect for the presence or absence of the contact hole CH. However, since the 
relationship between the undulating portion Tx and the pixel pitch Sx, and the re- 
lationship between the undulating portion Ty and the pixel pitch Sy are both non- 
integral multiple, it is noted that even the associating projections differ in their position 
within sub pixel region. For example, the projection 28a within the sub pixel region 
Arl is positioned at the left comer within the sub pixel region Arl , but tiie projection 
88a within the sub pixel region AgB is positioned at the right comer within the sub 
pixel region Ag3. As described above, even the associating projections differ in their 
position within sub pixel region and thus differ in their height in the z direction as 
shown in Fig. 22. 

[126] Fig. 22 is a schematic cross-sectional view of six associating projections 28a, 38a, 
58a, 68a, 88a, and 98a of the six undulating portions 28, 38, 58, 68, 88 and 98 of Fig. 
5, viewed in the y direction. 

[127] The six projections 28a, 38a, 58a, 68a, 88a, and 98a are the associating projections. 
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but vary in their height in the z dkection as shown in Fig. 22. As a result, there are 
variations in height difference, which height difference is a difference in height 
between two projections adjacent in the x direction to each other. For example, a 
height difference #H1 between the projections 28a and 58a is smaller than a height 
difference #H3 between the projections 58a and 88a, and a height difference #H2 
between the projections 38a and 68a is smaller than the height difference #H4 between 
the projections 68a and 98a. Fig. 22 shows only six associating projections, but the as- 
sociating projections varying in their height in the z direction exist across the whole of 
the reflective electrode substrate 1 (see Fig. 1). This is contrasted with the con- 
ventional substrate 100 in which the associating projections are the same height in the 
z direction (see Fig. 1 1). In the first embodiment, an attention is paid to a point where 
even the associating projections 28a, 38a, 58a, 68a, 88a, and 98a vary in their height as 
shown in Fig. 22. After forming the organic fihn 8 in which the associating projections 
vary in their height, the reflective electrodes (see Fig. 2) are formed on the organic 
fihn 8 and thus the reflective electrode substrate 1 is manufactured. The interference of 
the reflected lights coming from the reflective electrode substrate 1 is discussed below. 

[128] Fig. 23 is an enlarged view of the region F shown in Fig. 1 . 

[129] . In Fig. 23, six projections p(28a), p(38a), p(58a), p(68a), p(88a) and p(98a) of the 
reflective electrodes are specifically illustrated. Each of six projections p(28a), p(38a), 
p(58a), p(68a), p(88a) and p(98a) is formed on a respective one of the six associating 
projections 28a, 38a, 58a, 68a, 88a, and 98a of the undulating portions shown in Fig. 
22. 

[130] Fig. 24 is a schematic cross-sectional view of six projections p(28a) to p(98a) 
shown m Fig. 23, viewed in the y direction. 

[131] SiQce tiie associating projections of the rectangular undulating portions vary in tiieir 
height as described with reference to Fig. 22, the projections p(28a) to p(98a) of the 
reflective electrodes vary in their height in flie z direction accordingly. As a result, 
there are variations in height difference, which height difference is a difference in 
height between two projections adjacent in tiie x direction to each other. For example, 
a height difference #H1 between the projections p(28a) and p(58a) is smaller tiian a 
height difference #H3 between the projections p(58a) and p(88a), and a height 
difference #H2 between tiie projections p(38a) and p(68a) is smaller than the height 
difference #H4 between the projections p(68a) and p(98a). Therefore, if tiie pairs of 
projections differ in ttieir position in the x direction, tiie height differences vary ac- 
cordmgly. Now, it is also noted that such variations in height difference occur if tiie 
pairs of projections differ in tiieir position in the y direction. For example, a height 
difference #H1 between tiie projections p(28a) and p(58a) is smaller tiian a height 
difference #H2 between tiie projections p(38a) and p(68a), and a height difference #H3 
between tiie projections p(58a) and p(88a) is smaller tiian a height difference #H4 
between tiie projections p(68a) and p(98a). Such variations in height difference occur 
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across the whole of the substrate. Such variations in height difference cause the 
variations in optical path difference. For example, the optical path difference #Lxl 
between the reflected Mghts L28a and L58a is different from the optical path difference 
#Lx2 between the reflected lights L38a and L68a, and the optical path difference #Lx3 
between the reflected Ughts 58a and 88a is different from the optical path difference 
#Lx4 between the reflected Ughts L68a and L98a. Therefore, in Fig. 23. no pairs of 
projections causing the same optical path difference appears in the y direction 
differently to Fig. 15, so no vertical stripes as shown in Fig. 16 can appear. In the case 
of Fig. 23, the viewer HE recognizes, on the substrate, colors described below. 
[132] Fig. 25 is a conceptual illustration ofthe colors recognized on the reflective 

electrode substrate 1 by the viewer HE. 
[133] In Fig. 25, the colors appearing within the region F of the reflective electrode 

substrate 1 are enlarged. As shown in this enlarged view, various colors CI, C2, Cz 
depending on the optical path differences appear in a grid pattern within sub regions of 
the region F defined by the undulating portion pitches Tx and Ty. Now. it is noted that, 
as described with respect to Fig. 24. the variations in height difference cause the 
variations in optical path difference. As a result, various colors appear within the 
region F scatteringly. Therefore, unlike Fig. 16, Fig. 25 illustrates that various colors 
appear withm sub regions defmed by the undulating portion pitches Tx and Ty and 
thus no same color appear in the predetennined direction. When various colors appear 
■ within such small sub regions scatteringly, the viewer HE can not recognize the ■ . • 
differences in color and thus recognizes such various colors within region F as the 
mixed color. Such various colors appear scatteringly within the other region than the 
region F, and thus the viewer HE recognizes various colors within the other region 
than the region F as the mixed color. It is therefore considered that the viewer HE dose 
not recognize the coloring across the whole ofthe reflective electrode substrate 1 . or 
the viewer HE recognizes the reduced coloring across the whole of the reflective 
electrode substrate 1. 

[134] Although Figs. 23 to 25 explain the interference ofthe reflected lights caused by the 
periodically existing pairs of two projections (this two projections are arranged in the x 
direction), the similar explanation would be given to the interference ofthe reflected 
hghts caused by the periodically existing pairs of two projections (this two projections 
are arranged in the other direction), so it is considered that various colors are arranged 
in a grid pattern as shown in Fig. 25 and thus the coloring is ehminated or reduced. 
Therefore, it is considered that the coloring recognized by the viewer HE is eliminated 
or reduced across the whole ofthe substrate. 

[135] The undulating portion pitch Tx is larger than the pixel pitch Sx m the first 

embodiment, but the pixel pitch Sx may be larger than the undulating portion pitch Tx 
oppositely. In this case, the coloring can be likewise ehminated or reduced by defming 
the undulating portion pitch Tx in such a way that the pixel pitch Sx becomes an non- 
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integral multiple of the undulating portion pitch Tx. Further, the undulating portion 
pitch Ty is smaller than the pixel pitch Sy in the first embodiment, but the undulatmg 
portion pitch Ty may be larger than the pixel pitch Sy. In this case, the colormg can be 
likewise eliminated or reduced by defining the undulating portion pitch Ty so as to be 
an non-integral multiple of the pixel pitch Sy. 
[136] In the first embodiment, since the undulating portion pitch Tx is defined as 

seventeen eighths (17/8) times the pixel pitch Sx, the associating projections arranged 
in the X direction of the undulating portions have the same height at intervals of 17Sx 
(seventeen times the pixel pitch Sx). Therefore, the projections having the same height 
are arranged at intervals of 17Sx (seventeen times the pixel pitch Sx) in the x direction 
in the first embodiment. From the viewpoint of reducing the coloring more effectively, 
it is preferable that the distance between the projections having the same height is large 
to some extent, for example approximately 1 mm. The value of Sx can be, for example 
80 mm and thus 17Sx is equal to 1.36mm (17Sx = 1 .36mm). In this case, intervals at 
which the projections havmg the same height are arranged in the x direction are 
1 36mm, this has a sufficient effect on the reduction of the coloring. On the other hand, 
since the undulating portion pitch Ty is defined as nineteen twenty-fourths (19/24) 
times the pixel pitch Sy, the associating projections arranged in the y direction have 
. the same height at intervals of 19Sy (nineteen times the pixel pitch Sy). Therefore, the 
.projections having the same height are arranged at intervals of 19Sy (nineteen times 
the pixel pitch Sy) in the y direction in the first embodiment. The value of Sy can be, 
for example 240 mm and thus 19Sy is equal to 4.56mm (19Sy = 4.56mm). In this case, 
intervals at which the projections having the same height are arranged in the y 
direction are 4.56mm, this has a sufficient effect on the reduction of the colormg. It is 
noted that intervals at which the projections having the same height are arranged may 

be smaller than Inrai if the coloring can be eliminated or reduced. 
[137] In the first embodiment, in order to eliminate or reduce the coloring, we pay 

attention to the x and y directions in which the sub pixel regions are arranged and then 
we form the organic fihn 8 which has the undulating portions arranged in this x 
directions at the undulating portion pitch Tx and arranged in this y direction at the 
undulating portion pitch Ty . On the other hand, since the sub pixel regions are also 
arranged in the other direction than the x and y directions (for example, in a direction 
in which the sub pixel regions Ar2 and Abl are arranged, or in a direction in which the 
sub pixel regions Ar2 and Ab3 are arranged), so we may pay attention to this other 
direction and then we may form an organic film which has the undulating portions 
arranged in this other direction at the predetermined undulating portion pitch. 
However, for reducing the coloring more effectively, the organic film 8 is preferably 
formed which having the undulating portions arranged in the x direction at the 
undulating portion pitch Tx and arranged m the y direction at the undulating portion 
pitch Ty. 
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[138] In the first embodiment, the relationship between ths undulating portion pitch Tx 
and the pixel pitch Sx, and the relationship between the undulating portion pitch Ty 
and the pixel pitch Sy are both non-integral multiple, but the coloring can be reduced 
even if only one of this two relationships is non-integral multiple. A second 
embodiment in which only the relationship between the undulating portion pitch Tx 
and the pixel pitch Sx is non-integral multiple is described below. 

[139] Fig. 26 is a plan view of a reflective electrode substrate of the second embodiment 
in which only the relationship between the undulating portion pitch Tx and the pixel 
pitch Sx is non-integral multiple. 

[140] The reflective electrode substrate comprises an organic film 8 having rectangular 

imdulating portions 18 to 88. On the organic film 8, reflective electrodes Erl, Eglj Ebl 
... are formed. In Fig. 26, six projections p(18a) to p(68a) and six projections p(18c) to 
p(68c) of the reflective electrodes are specifically illustrated. Each of six projections 
p(18a) to p(68a) is formed on a respective one of six associating projections 18a to 68a 
of six rectangular undulating portions 1 8 to 68. Each of remaining six projections 
p(l 8c) to p(68c) is formed on a respective one of sbc associating projections 1 8c to 68c 
of six rectangular undulating portions 1 8 to 68. 

[141] Fig. 27 is a schematic cross-sectional view of the projections p(18a), p(38a) and 
p(58a) arranged in the x direction shown in Fig. 26, viewed in the y direction. 

[142] Since the relationship between the undulating portion pitch Tx and the pixel pitch . 
Sx is non-integral multiple, there are similar variations in height differences as shown 
in Fig. 24 if the pairs of two projections differ in their position in the x direction. For 
example, a height difference #H1 between the projections p(18a) and p(38a) is larger 
than a height difference #H2 between the projections p(38a) and p(58a). However, 
unlike Fig. 23, Fig. 26 illustrates that the undidating portion pitch Ty is the same as the 
pixel pitch Sy, so it is noted that a height difference remains the same even if the pair 
of two projections deviates in the y direction. For example, the pair of projections 
p(28a) and p(48a) exists in such a position to relatively differ in the y direction from 
the position of the pair of the projections p(l 8a) and p(38a), so that a height difference 
between the projections p(28a) and p(48a) is also #H1 . Therefore, a height difference 
remains the same even if the pair of projections deviates in the y direction. It is 
therefore considered that if we pay attention to the projections arranged in the x 
direction at the undulating portion pitch Tx, the interferences of the reflected lights 
coming from such projections result in the vertical stripes as shown in Fig. 16 (That is, 
the colors can not be scatteringly arranged in contrast to Fig. 25). However, since the 
relation between the undulating portion pitch Tx and the pixel pitch Sx is non-integral 
multiple in Fig. 26, there can be variations in height difference, which height differenc 
e is a difference in height between two projections arranged in the other directions than 
the y direction. In order to explain this, we pay attention to the pair of two projections 
p(l 8a) and p(18c) and the pair of two projections p(48a) and p(48c), which two 
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projections are arranged in the dxy direction different from the y direction. 
[143] Fig. 28 is a schematic cross-sectional view of the pair of the projections p(18a) and 
p(18c) and the pair of the projections p(48a) and p(48c) shown in Fig. 26, viewed in 
the dxy' direction. 

[144] A height difference #H1 between the projections p(l 8a) and p(l 8c) arranged m the 
dxy direction is smaller than a height difference #H2 between the projections p(48a) 
and p(48c) arranged m the dxy direction. Therefore, if we pay attention to the 
projections arranged in the dxy direction, the interferences of the reflected lights comin 
g from such projections result in scatteringly arranged colors as shown in Fig. 25. It is 
thus possible to reduce the coloring even if only the relation between the undulating 
portion pitch Tx and the pixel pitch Sx is non-integral multiple, compared with the 
prior art. 

[145] The first and second embodiments show the methods of eliminating or reducmg the 
. coloring by arranging the undulating portions , in a direction in which the sub pixel 
regions are periodically arranged, in such a way that the relation between the pixel 
pitch and the undulating potion pitch becomes the non-integral multiple, but a different 
method also can eliminate or reduce the coloring. The different method is described 
below. 

[146] Fig. 29 is a plan view of a part of a reflective electrode substrate 1 of the third 

: embodiment, which can eliminate or reduce the coloring by the different method from 
■ the first and second embodiments. 
[147] ' Since the sub pixel regions are two-dimensionally arranged within the xy surfece, 
the sub pixel regions are arranged not only in the x and y dkections but also e.g. in dl 
to d7 directions, so that the sub pixel regions are arranged in a large number of 
. directions. In the third embodiment, we pay attention to two directions of such large 
number of directions; one is the x direction in which the sub pbtel regions are arranged 
at the smallest pitch Sx and the other is the y direction in which the sub pixel regions 
are arranged at the smallest pitch Sy next to the pitch Sx. Like the sub pixel regions, 
the undulating portions 18 to 128 are arranged in a large number of directions, we pay 
attention to two directions of the large number of the directions for the undulating 
portions 18 to 128; one is a x' direction in which the undulating potions 18 to 128 are 
arranged at the smallest pitch Tx and the other is a y' direction in which portions 18 to 
128 are arranged at the smallest pitch Ty next to the pitch Tx. In the third embodiment, 
the organic fihn 8 is formed in such a way that the mentioned two directions for the 
undulating portions 18 to 128 (x' and y' directions) are different from the mentioned 
two directions for the sub pixel regions (the x and y directions). Such organic fihn 8 
also makes the associating projections of undulating portions 18 to 128 vary in their 
height, so that the coloring can be eliminated or reduced. In the third embodiment, the 
associating projections of the undulating portions 18 to 128 vary in their height even if 
the undulating portion pitch Tx is the same as the pixel pitch Sx and the undulating 
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portion pitch Ty is the same as the pixel pitch Sy. Therefore, in Fig. 29, the coloring 
can be eliminated or reduced without considering whether the relation between the 
undulating portion pitch and the pixel pitch is an integral multiple or a non-integral 
multiple. In the third embodiment, the direction in which the undulating portions are 
arranged is different from the direction in which the pixels are arranged, and such 
different directions make it possible to reduce mou:e. 
[148] Further, in Fig. 29, the organic film 8 is formed in such a way that both of the 

directions x' and y' in which undulating portions are arranged are different from both x 
and y directions in which the sub pixel regions are arranged. However, it is possible to 
reduce the coloring even if the organic fihn 8 is formed in such a way that only one of 
the directions x' and y' is different from both x and y directions. Further, Fig. 29 il- 
lustrates an example in which the undulating portion pitch Tx' is the smallest and the 
undulating portion pitch Ty' is the smallest next to the pitch Tx', but the undulating 
portion pitches Tx' and Ty' may be equal. In this case, it is possible to reduce the 
coloring if both or one of directions x' and y' in which undulating portions are arranged 
at the equal pitches Tx' and T^ is different from both x and y directions. Further, the 
pixel pitch Sx is smaller than Sy in Fig. 29, but may be equal to Sy. In this case, it is 
possible to reduce the coloring if both or one of directions x' and y' is different frorri 
both X and y directions in which the sub pixel regions are arranged at the equal pitches 
SxandSy. 

Furthermore, comparing an image display device using the reflective electrode 
substrate of the first, second or third embodiment and an image display device usmg 
the conventional substrate 100, the former has the higher utilization efficiency of the. 
reflected light commg from the substrate. The reason is described below. 

The pattern of projections and recesses of the organic fihn 80 of the conventional 
substrate 100 is designed in the order given in the following way. First, the pattem of 
projections and recesses of the rectangular undulating portion shown m Fig. 9 is 
designed for every pair of two adjacent sub pixel regions, and next, the patterns of 
projections and recesses of the fiirst and second rectilinear undulating portions 91 and 
92 (see Fig. 8) are designed so as to fill gaps between the rectangular undulating 
portions adjacent to each other. If the organic film 80 is formed on the basis of such 
designs, tiie first and second rectiUnear undulating portions 91 and 92 differ from the 
rectangular undulating portions in their shape of the cross section (see Fig. 30). 
[151] Fig. 30 shows a profile schematically representing the shape of tiie cross section of 
the first and second rectilmear undulating portions 91 and 92 (see Fig. 8) of the con- 
ventional substrate 100 and a profile schematically representing the shape of the cross 
section of the rectangular undulating portions of the conventional substrate 100. 
[152] In Fig. 30, a solid line indicates the profile schematically representing the shape of 
the cross section of the first and second rectilinear undulating portions 91 and 92 (see 
Fig. 8), a dashed line indicates the profile schematically representing the shape of the 
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cross section of the rectangular undulating portions. In the profile of the rectangular 
undulatmg portion, the similar undulations appear repeatedly as indicated by the dash 
line, but in the profile of the first and second rectilinear undulating portions, gentle and 
steep undulations appear in mixed state. Such mixed gentle and steep undulations 
cause the image display device with the lower utilization efficiency of the light. 

[153] On the other hand, in the case of the reflective electrode substrates of the first to 
third embodiments, the pattern of projections and recesses of the organic film 8 is 
designed by designing the pattern of projections and recesses shown in Fig. 6 inde- 
pendently of the sub pixel regions and then closely tiling the designed pattern. 
Therefore, such mixed gentle and steep undulations shown in Fig. 30 by the solid line 
can be prevented fi-om appearing, so that the image display device using the reflective 
electrode substrate 1 has the advantage of the higher utilization efficiency of light. 

[154] Furthermore, comparing an image display device using the reflective electrode 
' substrate of the first, second or third embodiment and an image display device using 
the conventional substrate 100, the former has the higher contrast. The reason is 
described below. 

[155] In the case of the image display device using the conventional substrate 100, a 

diffusing film having the fimctionofdiffusmg lights is provided on the conventional. 
. substrate lOO in order to prevent the coloring firom occurring. However, the diffusing 
film causes the reduction of the contrast. 

[156] On the other hand, in the case of the reflective electrode substrates of the first to 

. third embodiments, the coloring is eliminated or reduced by adjustmg the undulating • 
portion pitch of the organic fihn 8 or the arranging direction of the undulating portions. 
Therefore, if the coloring is completely eliminated in the invention, it is not necessary 
to provide' the diffusing fihn on the reflective electrode substrate 1 , so that the contrast 
is prevented from lowering. On the other hand, if the coloring is not completely 
eliminated and is slightly recognized in the invention, the diffusing fihn is requured 
when you want to completely eliminate the coloring. However, since the colorings on 
the reflective electrode substrates 1 of the first to third embodiments are reduced to a 
certain extent without the diffusing film, the first to third embodiments can use the 
diffusing film having the lower diffusing performance than the diffusing film required 
for the conventional substrate 100. Therefore, the image display devices using the 
reflective electrode substrates 1 of the first to thkd embodiments can reaUze a smaller 
decrease of the contrast than the image display device using the conventional substrate. 
[157] The undulating portions of the organic fihn 8 in the first to third embodiments are 

continuous, but the undulating portions may be separated from each other. 
[158] The sub pixels are arranged in a stripe arrangement in the first to third em- 
bodiments, but in the present invention the sub pixels may be arranged in the other ar- 
rangement than the stripe arrangement (e.g. delta arrangement). In this other ar- 
rangement, the coloring can be eliminated or reduced when flie relation between the 



wo 2005/069065 29 PCT/IB2004/052920 

undulating portion pitch and the pixel pitch is non-integral multiple or the direction in 
which the undulating portions are arranged is different from Ihe direction in which the 
sub pixels (reflective electrodes) are arranged. 

[159] The first to third embodiments describe the examples in which one pixel is 

composed of tihree sub pixels, but the invention may be applied to an example in which 
one pixel is composed of e.g. four sub pixels. In this case, the coloring can be 
eliminated or reduced when the relation between the undulating portion pitch and the 
pixel pitch is non-integral multiple or the direction in which the undulating portions 
are arranged is different from the direction in which the sub pixels (reflective 
electrodes) are arranged. 

[160] Further, the first to third embodiments describe the reflective electrode substrates 
which are used for displaying color images, but the present invention can be applied to 
a reflective electrode substrate for displaying monochrome images. In the case of the 
reflective electrode substrate for displaying the monochrome images, one reflective 
electrode is formed on one pixel, but the coloring can be eliminated or reduced when 
the relation between the undulating portion pitch and the pixel pitch is non-integral . 
mviltiple or the direction in which the undulating portions are arranged is different, 
from the direction in which the sub pixels (reflective electrodes) are arranged. . . 

[161] In the first to Ihird embodiments, any undulating portions have the pattern of 

projections and recesses shown in Fig. 6 (except for the presence or absence of the 
contact hole CH). Therefore, it is not necessary to design different patterns of . 
projections and recesses of \mdulating portions across the whole of the reflective 
electrode substrate 1, so this has an advantage of an easy design of the pattern of . 
projections and recesses of the undulating portions. 

[ 1 62] Further, in tiie reflective electrode substrates 1 of the first to third embodiments, 
each sub pixel has only a reflective function for reflecting light and has no transmit 
function for transmitting light, but the present invention can be also applied in the case 
that each sub pixel has both the reflective function and the transmit function. 

Industrial Applicability 

[163] The first to third embodiments according to the present invention are applied to 
examples in which the reflective electrodes are separated from each other every sub 
pixel region, but it is possible that the present invention is applied to an example in 
which line-shaped reflective electrodes extending e.g. in the x direction are provided. 



